The large-scale deployment of proton exchange membrane water electrolysis technologies is hindered by the usage of high-cost and scarce noble metal oxides as catalysts for the oxygen evolution reaction (OER) at an anode. Herein, we provided a facile method to synthesize Ir-Sn binary oxides in the form of a nanorod assembly with a large number of pores and a lower Ir content as efficient catalysts for the OER. The deep eutectic solvent formed by glucose and urea plays a crucial role in the synthesis. When heating the deep eutectic solution containing IrCl 3 and SnCl 2 at 180°C, the polymerization and the following expansion of glucose produces a bread-like porous foam with embedded Ir and Sn metal ions. During the following calcination process in Ar and air, the sintering of the catalyst is inhibited owing to the blocking effect of the glucose-derived carbonaceous material, and the removal of the carbonaceous species produces pores in the final product. The -NH 2 groups in urea can form complexes with the Ir and Sn metal ions, which is beneficial to to obtain the formation of an Ir-Sn binary oxide with uniform composition. As a result, an Ir-Sn oxide with an Ir/Sn molar ratio at 2/1 presents the best catalytic activity for the OER among the Ir-Sn oxides, which is almost identical to that of a mono-Ir oxide. The method in this work provided a pathway to fabricate high-performance OER catalysts with low Ir content.
INTRODUCTION
Splitting water through electrolysis by using renewable energy (e.g., solar and wind energy) is an efficient and clean pathway to achieve high-quality hydrogen. [1, 2] In comparison with conventional water electrolysis in an alkaline liquid electrolyte, water electrolysis based on a solid polymer electrolyte (e.g., proton exchange membrane, PEM) provides some advantages, such as better reliability, safer operation, and a higher working current density. [3] Even so, the key factor in determining whether water electrolysis technology can be widely used is the energy consumption, i.e., the cell voltage must be decreased as much as possible. The cell voltage of a water electrolyzer largely depends on the overpotential of the hydrogen evolution reaction (HER) at the cathode and the oxygen evolution reaction (OER) at the anode of the electrolyzer. Under the acidic environment in a PEM water electrolyzer, the overpotential of OER is much higher than that of HER. [3, 4] Therefore, it is highly important to develop an efficient OER electrocatalyst to decrease its overpotential.
Currently, the common electrocatalysts used to accelerate OER kinetics are based on IrO 2 /RuO 2 , in which IrO 2 has better stability. [3, 5] However, the high cost and scarcity of noble metals are undoubtedly obstacles for the large-scale deployment of water electrolysis technologies. Therefore, it is greatly attractive to develop efficient water-splitting OER electrocatalysts with earth-abundant elements. However, in acidic environments, IrO 2 and RuO 2 are still indispensable; thus, it is highly necessary to increase the utilization of elemental Ir/Ru in the catalyst. [6, 7] It has been reported that loading Ir/Ru oxide on a noble-metal free and acid-resistant oxide support (e.g., TiO 2 , [8, 9] [14] ) helps increase its dispersion, but the low conductivity of these transition metal oxides is adverse to the activity of Ir/Ru oxide. Alternatively, the direct introduction of earth-abundant elements into the Ir/Ru oxide is an effective strategy to increase the utilization of elemental Ir/Ru; moreover, the conductivity of the catalyst can be largely maintained due to the presence of the highly conductive Ir/Ru oxide in the composite. [15, 16] The common methods for the preparation of powder composite catalysts of Ir/Ru and transition metal oxides include the Adams-fusion, [16] sol-gel [17] and colloidal methods [15, 18, 19] . However, it is difficult to avoid the sintering of the catalyst during hightemperature treatment in the above methods. In contrast, other strategies such as a template-assisted synthesis method is helpful to reduce the sintering of the catalyst. [20] [21] [22] Nevertheless, the complicated preparation procedure (e.g., the synthesis and removal of templates) limits its wide application. Therefore, it is significant to develop a facile and efficient method to prepare the composite oxide of Ir/Ru and earth-abundant metal oxides.
Herein, we provided a facile method to synthesize Ir-Sn binary oxides in the form of a nanorod assembly with a large number of pores. The deep eutectic solvent prepared by glucose and urea is used to dissolve Ir and Sn salts. The glucose will expand remarkably to a bread-like foam when the mixture was heated at 180°C with embedded Ir and Sn metal ions. During the following calcination process, the sintering of the Ir and Sn species was decreased owing to the blocking effect of glucose-derived carbonaceous material, and the removal of the carbonaceous species will produce pores in the final product. The -NH 2 groups in urea can form complexes with Ir and Sn metal ions, which is beneficial for the formation of an Ir-Sn binary oxide with a uniform composition. As a result, the Ir-Sn oxide with an Ir/Sn molar ratio at 2/1 presented the best catalytic activity for the OER among the Ir-Sn oxides, which is almost identical to that of mono-Ir oxide.
EXPERIMENTAL SECTION

Electrocatalyst preparation
Typically, 6.0 g glucose and 4.0 g urea were mixed together and heated at 100°C until the mixture completely melted. As an improved preparation method, Ir m -Sn n -GF and Ir-GF were first heat treated at 500°C in an Ar atmosphere for 1 h. After that, the precursors were calcinated at 500°C in air to remove the carbonaceous species. The material correspondingly obtained were named Ir m Sn n O x -Ar and IrO x -Ar, respectively.
Characterizations
The X-ray diffraction (XRD) patterns of samples were recorded on a Bruker D8 Advance Xray diffractometer using Cu Kα radiation. Transmission electron microscopy (TEM) images were acquired with a JEOL JEM-1200EX microscope. The thermogravimetric (TG) analyses were conducted on a NETZSCH TG 209F3 TG analyzer under air flow.
Electrochemical measurements
The electrochemical performance of the samples were evaluated in a conventional threeelectrode system connected by a CHI-660D electrochemical station (CH Instruments, Inc.) in 0.5 M H 2 SO 4 at room temperature. A catalyst slurry was prepared by dispersing 10 mg of the catalyst in a mixture of 2 mL isopropanol and 50 μL 5% Nafion solution (Sigma-Aldrich) by sonication for 30 min. The working electrode was prepared by dipping 10 μL catalyst slurry onto a glassy carbon electrode (5 mm in diameter), followed by drying in air at room temperature. A Pt mesh and a saturated calomel electrode (SCE) were adopted as the counter electrode and reference electrode, respectively. All electrode potentials were given versus the reversible hydrogen electrode (RHE) unless otherwise noted.
The cyclic voltammetry (CV) curves were recorded at a scan rate of 50 mV s -1 . The OER polarization curves of the catalysts were acquired at a scan rate of 5 mV s -1 . The electrochemical impedance spectra (EIS) of catalysts were recorded at 1.4 V (vs. SCE) at a frequency range from 10 5
Hz to 1 Hz.
RESULTS AND DISCUSSION
The preparation pathway of the IrSnO x nanorod assembly was illustrated in Figure 1 . First, a deep eutectic solvent was prepared by heating the mixture of glucose and urea at 100°C, followed by the addition of IrCl 3 and SnCl 2 . Then, the solution was heated at 180°C for 12 h in an oven, during which glucose melted and polymerized through dehydration, and the polymerized glucose was blown into porous foam with the help of gas generated from the decomposition of urea and glucose. The dark brown foam (Ir m -Sn n -GF) was then heated in air at 500°C to remove the carbon, and the Ir m Sn n O x nanorod assembly was finally obtained. To determine the time required to remove the carbonaceous species, TG analysis was carried out. The sample was heated to 500°C at a heating rate of 10°C min -1 and then held at 500°C. As shown in Figure 2 , the mixture starts to decompose at approximately 200°C. After staying at 500°C for more than 10 min, the sample weight was almost unchanged, indicating the complete removal of carbon in the mixture. To remove carbon completely, the time of calcination was chosen to be 60 min. The TEM images of IrO x and Ir m Sn n O x are shown in Figure 4 . As for IrO x , nanorods with lengths of ~50 nm and diameters of ~8 nm were obtained. When SnCl 2 was added, the final products (Ir 1 Sn 2 O x , Ir 1 Sn 1 O x and Ir 2 Sn 1 O x ) also presented a nanorod-like morphology. The nanorods connected to each other resulting in a porous assembly. It was found that the porosity of Ir m Sn n O x was much higher than that of the Ir-based oxides synthesized by a simple pyrolysis method and usually highly sintered with a low porosity. [14, 15, 17] The porous Ir m Sn n O x assembly was speculated to be generated by the following process. The polymerization and the following expansion of glucose gave rise to GF with a significant increase in volume. At the same time, the dispersion of IrCl 3 and SnCl 2 incorporated in the GF was increased. Moreover, the GF played a role as a physical barrier to protect the oxides from sintering during calcination, and the removal of GF produced pores in the final product. The -NH 2 groups in urea can form complexes with Ir and Sn metal ions during the GF formation, which will improve the composition uniformity of the Ir-Sn binary oxide. All the above aspects enhanced the electrochemical performance of the product. 
where E 1 and E 2 are the low and high electrode potential of the integration area, respectively; j is the current density (mA cm -2 ); v is the scan rate (V s -1 ); and E is the electrode potential. Herein, Q reflects the amount of IrO 2 on the surface of the sample. The area of IrO x (Q = 1.90 mC cm -2 ) was small, probably due to the small amount of IrO 2 in the sample, which was indicated by XRD. To further increase the interaction between the Ir and Sn species in Ir 2 Sn 1 O x , the Ir 2 -Sn 1 -GF precursor was first treated at 500°C in Ar atmosphere before the removal of the carbonaceous species, and the final product was denoted as Ir 2 Sn 1 O x -Ar. For comparison, the Ir-GF precursor was also treated by the same process, and IrO x -Ar was obtained. As shown in Figure 6 , IrO x -Ar shows a series of diffraction peaks that correspond to IrO 2 , and the peaks from metallic Ir were almost negligible, which is in sharp contrast to that of IrO x (Figure 3) . Similarly, Ir 2 Sn 1 O x -Ar also shows an IrO 2 /SnO 2 pattern. The above results indicated that treatment at 500°C in Ar facilitated the formation of metal oxides. The TEM images of IrO x -Ar and Ir 2 Sn 1 O x -Ar (Figure 7 ) demonstrate that the porous nanorod assembly is also obtained after Ar treatment, indicating that Ar treatment does not accelerate the sintering of metal oxides. [26] with high porosity, but additional template removal and acid leaching processes were avoided in our method. Therefore, the material preparation strategy in this work provided a facile and efficient pathway to fabricate high-performance OER catalysts, which deserve further investigation and may well be applied in the future. 
CONCLUSIONS
In this work, we provided a facile method to prepare Ir-Sn oxides in the form of a nanorod assembly with a large number of pores. Glucose and urea were used to prepare a deep eutectic solvent to dissolve IrCl 3 and SnCl 2 . The heat-induced polymerization and expansion of glucose produced a GF with embedded Ir and Sn metal ions. During the following calcination, the presence of the GF inhibited the sintering of the catalyst, and the removal of the GF produced pores in the final product.
The -NH 2 groups in urea can form complexes with Ir and Sn metal ions, which is beneficial for the formation of an Ir-Sn binary oxide with uniform composition. The results of this study show that Ir 2 Sn 1 O x presented the best catalytic activity for the OER among the Ir-Sn oxides. Furthermore, an additional heat treatment of the metal-containing GF in Ar further increased the activity of the electrocatalyst. As a result, Ir 2 Sn 1 O x -Ar presented a higher activity than that of Ir 2 Sn 1 O x , which is identical to that of the mono-Ir oxide (IrO x -Ar). The strategy described in this work may be applied in the development of other functional materials.
